The incidence and prevalence of type 1, insulin dependent, diabetes is increasing worldwide, spurring efforts to develop and improve therapeutic modalities to improve clinical outcomes for patients. Patients with type 1 diabetes are absolutely dependent on exogenous insulin replacement. Despite advances with novel rapid-acting and intermediateacting insulin analogues, the net result of exogenous delivery is non-physiologic with respect to both timing and the circulating insulin concentrations achieved. This leads to periods of hyperglycaemia and hypoglycaemia, both of which contribute negatively to overall clinical outcome. Thus, better understanding of optimal insulin regimens is of clinical relevance for patients with type 1 diabetes.
Peripheral insulin resistance is characteristic not only for subjects with type 2 diabetes, but a clinically relevant finding also in subjects with type 1 diabetes (Yki-Järvinen et al. 1987 , Rossetti et al. 1990 , Bingley et al. 2008 . Development of insulin resistance in the context of hypoinsulinaemia and type 1 diabetes has been attributed in part to the hyperglycaemia per se (Yki-Järvinen et al. 1987 , Rossetti et al. 1990 , although the molecular mechanisms mediating this insulin resistance have not been fully clarified.
In a study published in this issue of Journal of Endocrinology, Okamoto et al. (2011) present evidence that the degree of insulin sensitivity in a rat model of type 1 diabetes presents as a bell-shaped curve in response to different doses of insulin treatment. Rats rendered diabetic were subjected either to saline treatment or to various doses of insulin therapy. The saline-treated rats were markedly insulin resistant, which is in agreement with a hyperglycaemia-induced insulin resistance. Although higher insulin doses, which achieved a near normalisation of glycaemia, resulted in an improvement of insulin sensitivity, these rats were indeed still insulin resistant compared with non-diabetic controls. Interestingly, rats receiving an intermediate insulin dose displayed enhanced insulin sensitivity (even compared with non-diabetic controls) in the face of an only partial normalisation of glycaemia. Insulin-mediated glucose disposal in peripheral tissues is dependent on membrane appearance of the facilitated glucose transporters (GLUTs), in particular, GLUT4. The authors go on to show that the most insulin-sensitive rats (i.e. the rats receiving an intermediate insulin dose) were the ones that displayed the highest increment of insulin-dependent translocation of GLUT4 in white adipose tissue and skeletal muscle.
Diabetes is associated with a reduction in expression of GLUT4 in adipose tissue (Berger et al. 1989) . As expected, in the study from Okamoto et al. (2011) , diabetes reduced total GLUT4 expression in white adipose tissue and skeletal muscle. In white adipose tissue, insulin therapy increased expression in a dose-dependent manner, with the highest insulin doses resulting in an almost twofold increase in expression over that observed in control rats. In contrast, in skeletal muscle, only the intermediate insulin dose normalised GLUT4 expression to the level in non-diabetic control rats. Thus, increased adipose GLUT4 expression correlates with normalisation of glycaemia, while skeletal muscle GLUT4 expression correlates with insulin sensitivity. The relative impact of disrupted glucose transport in adipose and skeletal muscle has been a long-standing subject of investigation. While skeletal muscle accounts for up to 85% of glucose disposal following a glucose infusion and around 50% following glucose ingestion, adipose tissue glucose disposal is more modest. Reduced insulin-mediated glucose uptake into skeletal muscle is noted in subjects with type 2 diabetes as well as in non-diabetic relatives of type 2 diabetic patients. Mice with a targeted deletion of GLUT4 in skeletal muscle show fasting hyperglycaemia and are insulin resistant, indicating that a disruption in muscle glucose uptake impacts whole-body glucose metabolism (Zisman et al. 2000) . Interestingly, although the overall contribution of adipose to glucose uptake is small, targeted deletion of adipose GLUT4 expression in mice induces insulin resistance (Abel et al. 2001) , although this appears to be due in part to a secondary effect on reducing insulin action on other tissues, including skeletal muscle. However, targeted overexpression of GLUT4 at the whole-body level can ameliorate insulin resistance in genetically diabetic db/db mice (Gibbs et al. 1995) and adipose-specific overexpression of GLUT4 in transgenic mice leads to enhanced glucose disposal and insulin sensitivity (Shepherd et al. 1993) .
The intermediate insulin dose utilised by Okamoto and colleagues also had a significant impact on the liver. Liver expression of PEPCK and G6Pase, as well as liver glycogen was normalised to levels observed in non-diabetic rats. Insulin-stimulation of insulin signalling intermediates was most potent in rats treated with the intermediate insulin dose, with activation of some downstream targets such as IRS2-associated PI 3-kinase and AKT phosphorylation increased above that observed in non-diabetic control rats. Furthermore, nuclear exclusion of FOXO1 was also most efficient in these rats.
The results presented highlight the importance of better understanding of the pathophysiology of insulin resistance and its possible impact on metabolic control also in subjects with type 1 diabetes. Recent investigations indicate that in type 1 patients treated with intensive insulin therapy, insulin resistance is associated with an increased risk of angiopathy and metabolic syndrome, and is a risk factor for cardiovascular morbidity in type 1 diabetes. Understanding the development of insulin resistance in a human context will also be important since there are several indications that the relative contribution of hyperglycaemia versus hyperinsulinaemia may differ with respect to induction of insulin resistance in type 1 diabetes between human and rodents (Rossetti et al. 1990) . In human patients, the degree of insulin resistance observed in subjects with type 1 diabetes has been linked to the degree of metabolic control, such that near normal insulin sensitivity has been observed in subjects with well-controlled diabetes (Reveres et al. 1984) . Rigorous glycaemic control has also been recommended to reduce microvascular, macrovascular and neuropathic complications for patients with either type 1 or type 2 diabetes. Recent years have seen intensive research into immunomodulatory and b-cell replacement approaches. Until the time when in vivo glucose sensing and insulin production can be safely restored to type 1 diabetes patients, additional research into developing more sophisticated protocols for exogenous insulin delivery and maintenance of peripheral insulin sensitivity may yield important benefits.
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